ABSTRACT. In order to evaluate the effect of irrigation interval on yield and quantitative-qualitative characteristics of bread wheat, splited plot experiment in randomized block with four replications in the 2010-11 crop years was conducted in the research field of Islamic Azad University of Gonabad. A number of 7, 9 and 10 days irrigation treatments formed the main factors of test, and spraying and nonspraying of nitrogen and zinc were considered as subfactor of test. The results showed that the effect of irrigation was significant for the number of grains per spike in the level of 5% and on 1000-grain weight and fat percent at the level of 1%, and had no significant effect on grain yield, biological yield, number of spikes/sq m stem height, stem diameter and protein content. Nitrogen treatment was significant at the level of 5% on biological yield and number of spikes/sq m, but had no significant effect on grain yield, number of grains per spike, 1000-grain weight, stem height, fat and protein percent, and stem diameter. Treatment with zinc was statistically significant in probability level of 1% only on percentage of fat and had no significant effect on grain yield, biological yield, grain numbers per spike, weight of 1000 seeds, spikes/sq m, stem height, protein percent and stem diameter. Seven days irrigation with of nitrogen allocated for highest seed yield (265.38 g/m²/sq m) and biological yield (659.33 g/m²/sq m). Means comparison showed the highest 1000-grain weight was obtained from 7 days irrigation (47.10 g) and the lowest from 13 days irrigation (40.44 g). According to the experiment results, 7 days irrigation was recognized as the best irrigation to achieve maximum economic performance and 13 days irrigation were determined as most appropriate irrigation for maximum performance for the region due to lack of water and weather conditions of Gonabad, spraying zinc and nitrogen to improve production was proposed depending on different irrigation and the purpose of production.
INTRODUCTION
Wheat was the world's oldest and most widely used crop and most important source of human's food that grows in wide range of world's weather conditions and has largest distribution in the world (Asadi and Hammett, 1998) . Generally, cereal production in large areas of the world is limited each year by lack of water, also in Iran, cultivated fields of wheat forms half of cultivated land of country, that this lands contains 36% of irrigated land and 64% of the drylands. A proper irrigation planning results in optimum use of limited water resources. The morphological, physiological and biochemical reactions of plants to water shortages depends upon a variety of factors, including stress, during periods of stress and growth stages of plants (Asadi and Hammett, 1998) .
According to surveys conducted by Hagan et al. (1967) , heavy and excessive watering causing delays in the production and harvest time and, thereby, will be followed by reduced grains yield. Kang et al. (2002) in their experiment showed that reactions of grain yield and water use efficiency of wheat varieties were different significantly with respect to irrigation regimes, that this is due to the amount of soil moisture and irrigation scheduling.
The results obtained by Ahmadi and Siose Marde (2004) , moisture stress created in spike emergence step 20 days after flowering, decreased seed yield cultivars of Chamran, Alvand and Tajan 2, 8, 22 and 34%, respectively. Between drought stress and protein content in grain during the early stages of grain filling a significant positive relationship was reported by various researchers (Johnson et al., 1972) . Drought stress could enhance the value of some economic performance components, such as amount of protein (Guttieri et al., 2000) . Gooding et al. (2003) stated that increased grain protein content in moisture stress, that applied before seed ripening, is due to the lower effect of stress on nitrogen harvest index, compared with dry matter harvest index.
In other researches it was found that in effect of moisture stress in grain filling stage, although moisture stress reduced dry matter yield and protein content per plant, but grain protein percent increased under severe drought conditions and no irrigation in grain filling stage (Tahmaseby and Jenner, 1991) .
Nitrogen is a key factor in achieving optimum performance in cereals. Normally wheat in the course of its development has a great need to absorbable nitrogen. Increase in nitrogen use, increase the leaf area, tilering, leaf area index and leaf area durability, and this increase leads to production further dry matter and grain yield (Banziger et al., 1944) .
Increasing nitrogen causes expansion and voluminous of roots, and absorption more moisture from the soil. In addition, the increase of nitrogen promotes the chlorophylly growth, increasing the volume of aerial part of plant and increase the crop evapotranspiration (Read et al., 1982) . Also, there are significant correlation between available water and nitrogen, because increased nitrogen leads to further development of wheat roots and increased available water in the root zone, resulting in reduced moisture stress. But if there is not enough water, increased nitrogen fertilizer application increases the moisture stress of plant and therefore reduced crop yield and water use efficiency (Huang et al., 2003) . On the other hand use of high amounts of nitrogen reduces nitrogen uptake by plant and decreases nitrogen use efficiency (grain yield per unit of nitrogen fertilizer) (Limon-Ortega et al., 2000; Sowers et al., 1994) .
Also, inappropriate and abundant use of nitrogen fertilizers increases crop cost and the risk of groundwater contamination, therefore, methods must be applied to increase plant yield while preventing environmental pollution (Ellis et al., 2000; Sharpe et al., 1988) . Also, use of nitrogen usually has no effect on amount of water consumed by plants, unless added nitrogen to the soil has a significant effect on increasing leaf surface. Research (Sowers et al., 1994) showed that the evapotranspiration of winter wheat was not affected by N levels, but grain yield, plant aerial parts weight and water use efficiency increased by increasing the amount of nitrogen.
In order to achieve maximum yield per unit area, widespread use of common chemical fertilizers, such as nitrogen and phosphorus and lack of micronutrients lead to micronutrients, such as zinc (Zn) down dramatically in most wheat fields, while that plant has an extreme sensitivity to zinc deficiency (Brenna., 1992) . Bansal et al. (1990) reported that zinc deficiency in plants is widespread, which contains about 30% of lands under cultivation in worlds. Zinc deficiency directly leaves and indirectly an adverse effect on human and animal health, so that, according to Welch et al. (1999) , about 40% of people worldwide suffer from micronutrient elements deficiency. And high consumption of cereals containing low zinc in the diet is main reason zinc deficiency in humans. Tandon (1995) has reported an increase in wheat yield due to consumption of 540, 780 and 860 kg of zinc, iron and manganese per hectare, respectively, compared with no consumption of them. Cakmak et al. (1997) observed that wheat grain yield is increased significantly by consumption of 23 kg fertilizer contains zinc. Bansal et al. (1990) reported a significant correlation between the amounts of zinc in soil and grain. Marschner (1993) believes that taking zinc, in addition to increased performance, by rising protein and zinc concentration in the grain, can be effective in relieving zinc deficiency in humans. Mohamad et al. (1990) also reported that the application of zinc in different ways can increase concentrations of this element in grain and enrich the wheat. In summary, the most important goals that followed by this research, in addition to evaluate the effect of irrigation intervals on yield and quality, is to determine the optimal irrigation intervals for province, more economic yield for farmers and increase production performance of province. So that every farmer will be able to use most desirable irrigation intervals, according to the available irrigation water in his possession.
MATERIAL AND METHODS
This study was carried out in crop year 2011 in the research field of Islamic Azad University, Gonabad (34°2' north, 58°40' east and 1056 m above sea level) by use of bright wheat cultivar. 30-year average meteorological statistics in Gonabad show that average annual rainfall was 142 mm, the average annual temperature equal to 19.5°C and the relative humidity 39.2% annually. Based on chemical analysis, soil has no salinity and alkalinity limit, carbon is low and soluble phosphorus and potash is in average level.
Surface soil texture is clay loam, average moisture of soil profile to a depth of 30 cm at field agronomic capacity (FC) and permanent wilting point (PWP) are 25 and 12 wt %, respectively, and mean bulk density (BD) is equal to 1.5 g/m 3 . Test was conducted in a splitfactorial randomized block design with three replications. Treatments consisted of three levels of increasing irrigation intervals (7, 10 and 13 days), foliar of nitrogen in two levels (no foliar, foliar of nitrogen) and foliar of zinc in two levels (non-foliar, zinc foliar).
Land preparation was done a week before the planting by plow, disc, leveler and implementation the map of project. Each plot consists of six planting lines with 4 m length and row spacing from each other by 25 cm. Based on the physico-chemical analysis of the soil before conducting the experiment, the amount of required nitrogen 100 kg/ha was recommended and zinc was 1.4 mg in the soil.
Cluster planting (three seeds in each pit at a depth of 3 to 5 cm of soil surface) with a distance of 15 cm between plants on the row in early October was done by hand. In this experiment, the foliar of zinc from zinc sulfate source with ratio of 3 per 1000 and foliar nitrogen from urea source at a ratio 5 per 1000 in two phases (stem elongation stage and spike appearance), respectively on 2010/2/24 and 2011/4/14 were performed. After measuring the yield and yield components (number of grains per spike, spikes per unit area, 1000-grain weight, biological yield, grain yield), also plant height, stem diameter, measuring percentage of fat by Soxhlet method and protein content by Kjeldahl set was performed .
RESULTS AND DISCUSSION

The number of grains per spike
Analysis of the data showed that changing irrigation interval had a significant effect on the number of grains per spike in the level of 5% (Table 1) . Means comparison showed that the highest number of grains per spike is related to irrigation intervals treatment of 10 days, with 32.15 grains per spike and the lowest number of grains per spike grain is 27.8 by belated irrigation, means irrigation 13 days ( Table 1) .
Research has shown that stress during flowering and pollination induces infertility pollen (Guttieri et al., 2000) and the disruption of current photosynthesis and assimilates translocation and store in grains, which can be a reason of reduced grains. Drought stress also reduces the transfer of nutrients from leaves to grains and due to weather conditions accelerate the ripening seeds in dry area.
In irrigation 7, days since the plants have more water and produce more carbohydrates, the grains have been larger and 1000-grain weight has increased, but the number of grains per spike was reduced, also plants have fewer spikes. In 13 days irrigation, due to low production of carbohydrate, the 1000-grain weight and number of grains per spike was reduced but the number of spike in plants was high. In 10 days, irrigation plants produce more grains per spike and 1000-grain weight and spike per plant was lower. Ziaeian and Malakoti (1998) also found that the highest number of grains per spike was in spike treatment without stress. 
1000-grain weight
Analysis of variance showed a significant effect of irrigation changing on 1000-grain weight in 1% probability level (Table 1) . Just as means comparison showed the highest grains weight was from early on treatment, 7 days irrigation with 47.10 g, and the lowest 1000-grain weight related to irrigation intervals treatments 13 days (delay in carrying out irrigation) with 40.44 g ( Table 1 ). This implies that drought stress by reducing the grain filling period decreased 1000-grain weight.
It seems that with increasing irrigation intervals and reducing soil moisture in the reproductive stages the grain filling period has been decreased and, therefore, reduced grain weight. According to the results of research it can be concluded that delay of irrigation has more of influence on 1000-grain weight than nitrogen and zinc application. As it seems, 7 days irrigation produced more 1000-grain weight. The results of this study corresponded to other researchers (Ozturk and Aydin, 2004) .
Fat percentage
Analysis of variance showed that changing irrigation interval has significant effect on fat percent of grains in 1% probability level ( Table  1) . Means comparison showed that the highest fat percent of grains obtained from delayed irrigation treatment (13 days irrigation interval) equal to 3.25% and lowest fat percentage was from in 10 days irrigation treatments with 1.66% ( Table 1) . It seems that the fat percentage is more under the influence of delay phase in irrigation that soil moisture has been less. Because as was mentioned, the lowest number of grains obtained from 13 days irrigation interval treatments (stress treatment). In addition, although the number of grains per spike was low, the lowest 1000-grain weight refers to the 13 days irrigation intervals. Therefore, in weather conditions of Gonabad that associate with warm and dry air. In addition to increasing irrigation intervals tensions that exacerbated conditions for transfer of stored materials, food shortages also increased fat percent.
The results revealed a significant effect of zinc application in 1% surface on fat percent ( Table 1) . Means comparison showed that the use of zinc produced 3.16 fat percent grains, that are more than nonapplication of zinc with 1.44% fat percent ( Table 1) . It seems that by improving the process of nutrition in plant increased grain quality can be expected. Emam et al. (2007) showed that the grain yield and fat percentage finds a significant increase by taking 5 mg of zinc in 1 kg of soil for each plant. Also, other studies have confirmed this finding.
Biological yield
Analysis of data showed that nitrogen application has significant effects on biological yield in 5% probability level (Table 1) . Averages showed that nitrogen application with 581.5 g/sq m had biological yield more than treatment non-nitrogen application with 487.17 g/sq m. With nitrogen foliar application, biological yield increased at a rate of 19.4% (Table 1) .
It seems that nitrogen increases photosynthesis efficiency and enhance biological yield by impact on the rate of photosynthesis. Other studies have also reported significant positive effect of nitrogen on biological yield (Sanjari and Yazdansepas, 2008) . Since that application of nitrogen fertilizer is effective on biochemical reactions, photosynthesis, increased period of growth and more dry matter accumulation in aerial parts and grain yield components, its impact on biological function seems obvious.
The number of spikes per square meter
Application of nitrogen at 5% level had a significant effect on the number of spikes per square meter. Means comparison showed that the highest number of spikes per square meter related to nitrogen application treatment with 240.89 spikes/sq m and the lowest amount obtained by nonuse nitrogen treatment with 198.44 spikes/sq m. It seems that due to sufficient moisture and nitrogen application in usual amount as well as the climatic conditions of the region in terms of appropriate light intensity and temperature, all these factors increases the number of tillers and the number of spikes per/sq m. The results were consistent with the findings of other researchers (Bulman and Smith, 1993) .
Hashemi Dezfouli (1998) and Marschner (1993) stated that nitrogen application in crops is responsible for increases in density of tillers and there is a positive correlation between the number of tillers and grain yield. And by increasing nitrogen the number of spikes per unit area was increased and there is significant differences between grain yield at different levels of nitrogen fertilizer. Also, with increasing plant density, number of spikes per unit area was increased.
Grain yield
The results of data analysis showed that the grain yield on the level of 5% being influenced by interaction between irrigation interval and nitrogen stress (Table 1) . So, that nitrogen application treatment in early irrigation (watering every 7 days) with 265.38 g/sq m gain the highest grain yield, and by taking same statistical level the non-nitrogen application treatment in early irrigation (watering every 7 days) with 156.29 g/sq m assign lowest grain yield to their self ( Table 1) .
Data analysis showed that despite the fact that irrigation treatment had no significant effect on grain yield, but the number of spikes per plant, the number of grains per spike and 1000-grain weight was significantly affected by irrigation treatment. It seems that in irrigation every 7 days (watering early) 1000-grain weight get further from irrigation every 10 days (irrigation without stress) and watering every 13 days (irrigation with a delay). As a result of this interpretation, each of yield components (1000-grain weight, number of spikes per plant, number of grains per spike) in changing irrigation interval treatments (every 7 days-every 10 days-every 13 days) by neutralizing each other cause grain yield get not significant.
In 7 days irrigation, treatment once increase in nitrogen amount inhances the grain yield while in other two treatments nitrogen have no positive impact due to drought stress. In this way that nitrogen application in optimum irrigation treatment increases yield and biological yield by 41% and 42%, respectively. But nitrogen application did not affect in other two levels of irrigation treatment. In 7 day irrigation and nitrogen application, since plant growth is high and produced photosynthetic material consumed the accumulation of photosynthesis material in plants is low and plant does not consume a lot of energy, therefore highest yield was related to this treatment. But in 7 days irrigation that photosynthetic material accumulation was high and due to lack of nitrogen plant growth was under normal conditions, ultimately reduces grain yield due to the deceleration of assimilate translocation from the source (photosynthetic parts of plants) into the tank (grain).
Biological yield
Biological yield in 1% probability level affected by interaction between irrigation intervals and nitrogen (Table 1) . Means comparison showed that most biological yield achived by nitrogen application under early irrigation treatment conditions (irrigation intervals 7 days) with 659.33 g/sq m. And the lowest one was observed non-nitrogen application treatment in early irrigation conditions (irrigation intervals 7 days) with 379.33 g/sq m ( Table 1) . It seems that under prematurely irrigation conditions due to increasing the efficiency of photosynthesis, dry matter production is more and also existence of sufficient food contributed to this trend and increase the biomass yield (Chart 2). In 7 days irrigation, since we have lowest number of spikes per plant and the number of tillers is low, as a result fewer straw produced and biological yield is lower. But, in this 7 days irrigation, that in comparison with other treatments more water is available for plants when we applied nitrogen increased stem diameter and more resistance to lodging was observed, as a result straw weight was increased and plant had greater biological yield. Fowler (2003) reported that under suitable irrigation the use of nitrogen increases the resistance to lodging.
Fat percentage
Analysis of variance showed that change irrigation intervals and nitrogen interactions have significant effect on fat percent of grains in 5% probability level (Table 1) . So, that treatment of non-use of nitrogen under 13 days irrigation conditions (delay in irrigation), and nitrogen application under 13 days irrigation conditions treatments (delay in irrigation) with 3.5 and 3 fat percent, respectively, by situating in the same statistical level produced the highest percentage of fat. The treatment of lack of nitrogen application in conditions of early irrigation (watering 7 days) produces lowest grain fat, 1.33% (Table 1) . This implies that the fat content was more affected by irrigation intervals, and this treatment with increased irrigation intervals greater affected the efficiency of photosynthesis and fat content than nitrogen and zinc treatments.
In lack of nitrogen application, the prolonging watering interval increases grain fat percentage, but at the time of nitrogen application availability of water had no significant effect on this trait. Comparison of means indicated that the largest percentage of fat grain (5%) is related to zinc application with 13 days irrigation intervals treatments (delay in irrigation) and the second value (2.83%) was in zinc application under 7 days irrigation conditions (early watering) and the lowest value (1.16%) obtained from lack of zinc application under 7 days irrigation conditions treatment (watering early).
The highest grain fat content (5%) occurred in application zinc treatment and irrigation with longest intervals.
In other treatment, combination fat content were varied between 1 and 2.8%.
It is clear that although reduction of grain filling period will reduce the amount of fat, but in this case the plant poor nutrition is also important in terms of zinc application, so that zinc application under longer intervals irrigation can increase potential of grain fat production.
Based on the analysis of data grain fat significantly affected by trilateral interaction of irrigation intervals variation, nitrogen and zinc application in 1% statistical level (Table 1) . So, that the highest percentage of grain fat were related to lack of nitrogen application in presence of zinc application treatment with 13 day irrigation (watering delayed) and treatments without nitrogen application in the presence of zinc application under 10 days irrigation (the common irrigation interval in region) as well as treatments without nitrogen application and non-application of zinc with 7 days irrigation conditions (early watering) and 13 days irrigation (delay in irrigation) with 1% fat content had the lowest percentage of fat in the treatments of this scheme. On this basis we can say that the delay in irrigation and soil moisture reduction with zinc application increase percentage of fat and reduce quality.
As a result, adequate nutrition in situations that grain filling period is short can increases grain protein content and enhances the quality of wheat grain. The highest fat content obtained from zinc application in longest interval irrigation treatment and without nitrogen application. But, in general, simultaneously zinc and nitrogen application treatments at all three levels of irrigation had high fat content. 
CONCLUSIONS
